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We have used a polyclonal antiserum derived from a bacterially expressed viral fusion protein to investigate the expression
and subcellular localisation of the maize streak virus V1 product (PV1). Western blot analysis of agroinfected tissue showed
that PV1 was detectable from 10 days postinoculation, coinciding with the first appearance of chlorotic viral lesions. The
viral protein was only detectable in cell wall fractions of plant protein extracts. PV1 migrated with an apparent size of 14
kDa on SDS–PAGE, larger than the 10.9 kDa predicted from the amino acid sequence and therefore suggestive of posttransla-
tional modification. Immunogold labelling located PV1 to the cell walls within lesion tissue and demonstrated a close
association between the viral protein and secondary plasmodesmata. These results are consistent with the V1 product of
MSV playing a role in the cell-to-cell movement of the virus in infected plants. q 1996 Academic Press, Inc.
INTRODUCTION sky, 1993). Although it is accepted that plant viruses
spread via plasmodesmata, it has been shown that the
Maize streak virus (MSV) is the type member of sub-
typical molecular size exclusion limit (SEL) of plasmodes-
group I of the Geminiviridae (Rybicki, 1994; Padidam et
mata is significantly smaller than would be necessary to
al., 1995), a group of viruses having single-stranded cir-
allow passage of either the smallest virus particle or viralcular DNA genomes (for reviews see Stanley, 1985; La-
nucleoprotein complexes (Wolf et al., 1991; Ding et al.,zarowitz, 1992). MSV infects a number of monocotyledon-
1992). Given that plant viruses spread using these plas-ous species and is transmitted by leafhoppers (Cicadul-
modesmata, it follows that viral infection must lead toina spp). The role of the viral genome in the disease
alteration of the aperture structure or size.phenotype, including the host range of the virus and the
Virus-encoded proteins implicated in systemic infec-morphology of the leaf symptoms, has previously been
tion of the plant are commonly termed movement pro-studied (Boulton et al., 1989b, 1991a,b; Lazarowitz et al.,
teins (MPs) (reviewed by Maule, 1991). The MPs of TMV,1989). The MSV genome has been fully sequenced (How-
cauliflower mosaic virus, and red clover mottle virusell, 1984, 1985; Mullineaux et al., 1984), and at least four
(RCMV) have been visualised associated with modifiedviral ORFs with homologues in the other sequenced sub-
plasmodesmata by immunogold labelling (Tomenius etgroup I geminiviruses have been identified (reviewed by
al., 1987; Linstead et al., 1988; Shanks et al., 1989) andLazarowitz, 1992). Two of these lie in the virion-sense
the MPs of tomato spotted wilt virus and cowpea mosaic(V1 and V2) and two in the complementary sense (C1
virus (CPMV) have been shown to be associated with,and C2). Of the virion-sense ORFs, V2 codes for the viral
and capable of inducing the formation of, cytoplasmiccoat protein and as such is potentially involved in insect
tubular structures (van Lent et al., 1991; Kasteel et al.,acquisition and viral movement. The product of ORF V1
1993; Wellink et al., 1993; Kormelink et al., 1994; Storms(PV1) has been detected in infected tissue (Mullineaux
et al., 1995). The MPs of TMV, alfalfa mosaic virus, beanet al., 1988) and has been implicated in viral cell-to-cell
dwarf mosaic virus (BDMV), and cucumber mosaic virusspread (Lazarowitz et al., 1989; Boulton et al., 1993).
have been shown to modify the size exclusion limit ofPlant virus systemic spread is generally considered to
plasmodesmata in in vivo fluorescent labelling studiesinclude two movement processes: localised cell-to-cell
(Wolf et al., 1989; Deom et al., 1990; Lapidot et al., 1993;spread and long-distance movement via the phloem. The
Poirson et al., 1993; Noueiry et al., 1994; Ding et al., 1995).ability to spread from cell-to-cell is an essential function
for both plant and animal viruses if they are to achieve Observations on the microinjection of purified TMV MP
systemic infection (for reviews see Citovsky and Zam- together with fluorescently labelled Dextran showed that
bryski, 1991, 1993; Maule, 1991; Deom et al., 1992; Citov- the movement protein itself could move between cells
(Waigmann et al., 1994). Confirmation of this observation,
and evidence that this is an ability shared by other viral1 To whom reprint requests and correspondence should be ad-
dressed. MPs, has come from studies of red clover necrotic mo-
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saic virus (Fujiwara et al., 1993), BDMV (Noueiry et al., neered for the expression of potentially toxic foreign pro-
teins.1994), and potato virus X (Angell and Baulcombe, 1995).
Although MSV PV1 is implicated in viral spread, there is All restriction enzymes used were purchased from
NBL, Boehringer Mannheim, Stratagene, and Promega.no direct evidence of its actual role within the infected
plant. In contrast, the role of the movement proteins of
the geminiviruses which possess a bipartite genome has Expression and purification of fusion protein
been studied more extensively, and it has been shown
A culture of E. coli BL21(DE3) containing pET-3a V1that both products of the B component of the genome,
was grown overnight at 377 in 5 ml of 21 TY broth (bacto-BR1 and BL1, are involved in host range and pathogenic-
tryptone, 16 g/liter; yeast extract, 10 g/liter; NaCl, 5 g/liter)ity (reviewed by Lazarowitz, 1992). For BDMV the BL1
containing ampicillin (50 mg/ml) and chloramphenicol (60protein increases mesophyll plasmodesmata size and
mg/ml). The fusion protein was expressed and purifiedpotentiates movement of viral DNA from cell to cell. The
by the method described by Citovsky et al. (1990) exceptBR1 protein mediates the movement of the viral nucleic
that the culture was grown to an OD600 of 0.4–0.6 beforeacid out of the nucleus (Noueiry et al., 1994). In this paper
induction, the protein was harvested 6 hr postinduction,we address the question of the subcellular location and
and in the purification procedure, the steps containing 4function of maize streak virus PV1 and, using immuno-
M urea were omitted.gold labelling, we identify PV1 associated with plasmo-
desmatal structures within the cell wall of MSV-infected
SDS–PAGE analysis of fusion protein extractmaize tissue. Evidence is also presented for the accumu-
lation of PV1 correlating with the onset of visible viral
Total proteins were extracted from 100-ml aliquots of
lesions.
cells by pelleting the bacteria and resuspending the pel-
let in 50 ml of lysis buffer (50 mM Tris–HCl, pH 7.5, 2 mM
EDTA, 0.1 M NaCl) and lysozyme (100 mg/ml) (Sigma).MATERIALS AND METHODS
Protein extracts from induced and uninduced bacteria
Cloning of V1 carrying the V1 construct were analysed using SDS–
PAGE (4% stacking gel and a 15% running gel) on a
Plasmid pET3a (AMS biotechnology group) was lin-
Mighty Small II SE 250 (Hoefer). Protein bands were visu-
earised by digestion with BamHI. A Bam–Sma adapter
alised using Coomassie blue.
was ligated under standard conditions (Sambrook et al.,
1989) and the resultant construct transformed into Esche-
Preparation of fusion protein for use as an antigenrichia coli strain XL-1-Blue (Stratagene) using a modified
calcium chloride method (Promega protocols). Recombi- One hundred fifty microliters of induced bacterial pro-
nants were screened for the presence of a SmaI site. tein extract was denatured by the addition of 50 ml 41
The DNA from a suitable individual recombinant was SDS loading buffer (Sambrook et al., 1989) followed by
purified, linearised with SmaI, and ligated with an ApaI heating at 957 for 5 min. The sample was loaded onto
linker which had been treated with T4 polynucleotide a preparative single-well SDS–polyacrylamide gel and
kinase. A recombinant carrying the ApaI site was identi- electrophoresed at a constant 100 V. The induced fusion
fied and selected (pET-3aBSA). protein band was excised and macerated by repeated
The region of the viral DNA containing the V1 coding passage through a 23-gauge syringe needle. The protein
sequence was excised, using the ApaI site at position was eluted from the polyacrylamide overnight at 377 in
2673, as a full-length copy from an MSV M(N)M dimer L buffer containing 0.1% SDS and the eluate was then
cloned into the BamHI site of pUC 19 (pMSV109; kindly dialysed against PBS for 8 hr at 47. The protein sample
provided by Dr. Margaret Boulton, Norwich). Deletion of was prepared for injection by the addition of an equal
an internal AsuII fragment (348 to 2448) yielded an ApaI amount of Freund’s adjuvant (incomplete).
fragment of MSV which contained predominantly the V1
coding sequences (Fig. 1). This ApaI fragment was then Raising of polyclonal antisera
cloned into pET-3aBSA and the construct transformed
into E. coli XL-1-Blue. The nucleotide sequence of a rep- Anti-PV1 antiserum was raised in male Dutch rabbits.
The first injection of approximately 1.5 mg of fusion pro-resentative clone of the resulting construct (pET-3a V1)
was sequenced at the boundaries of the insertion site tein was administered intramuscularly. Booster injec-
tions of about 0.5 mg followed at 3-week intervals. Bloodto confirm both the integrity of the cloning sites and that
V1 was in the correct reading frame for expression. The samples were taken at 5 and 10 days after each booster
injection. Antiserum titre was estimated by ELISA usingfusion protein consists of 12 amino acids of the T7 gene
10 leader peptide of the pET-3a vector, and the V1 gene. induced and uninduced bacterial protein extracts as anti-
gens (data not shown).The pET-3a V1 clone was isolated and transformed as
before into BL21(DE3)pLysE, a strain of E. coli engi- Polyclonal antiserum was cross-absorbed against
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FIG. 1. The cloning strategy leading to the construction of pET3a V1. The dimer of MSV (pMSV109) was digested with ApaI to yield a genome-
length fragment containing an intact V1 ORF. Subsequent digestion with AsuII produced a truncated fragment which consisted predominantly of
ORF V1. This was inserted into a modified pET3a vector to produce an in-frame fusion, the nucleotide sequence of which is shown at the bottom
of the diagram.
healthy maize leaf tissue by the method described by Western blot analysis
Pinner et al. (1993). Samples were analysed by SDS–PAGE using a 4%
stacking and a 15% running gel. The protein concentra-
tion in each extract was quantified using a Joyce–LoebelAgroinoculation of maize seedlings
Chromoscan II scanning densitometer on gels stained
Zea mays cv. ‘‘Golden Bantam’’ seedlings were grown in Coomassie blue allowing equalisation of the protein
from seed for about 1 week under glass and then trans- concentration in each extract prior to Western blotting.
ferred to growth cabinets (Weiss Technic Bioclim Following electrophoresis, protein was transferred onto
sp1600) set at 187, with a relative humidity of 65% and a reinforced nitrocellulose membranes (Duralose, Stra-
16-hr photoperiod and light intensity of 800 mmol m02 tagene) by electroblotting in transfer buffer (2 mM Tris,
sec01 provided by HQI mercury vapour lamps. The seed- 192 mM glycine, 20% methanol, 0.1% SDS) using a Bio-
lings were grown for a further week, or until the stems Rad Trans-Blot cell. The membranes were stained for 7
were considered strong enough to withstand agroinocu- min with 0.2% Ponceau S (Sigma), and the marker bands
lation, which was carried out according to the method of (BSA, 66–68 kDa; ovalbumin, 43 kDa; trypsinogen, 24
Boulton et al. (1989a). kDa; b-lactoglobulin, 18.4 kDa; lysozyme, 14.3 kDa) were
drawn in. The membranes were blocked overnight at
room temperature in PBS/BSA (PBS pH 7.2 supple-Plant protein extracts
mented with 3% BSA) and probed with rabbit anti-PV1
Symptomatic leaf tissue was harvested at various primary antibody at a dilution of 1/150, and goat anti-
times after agroinoculation and was immediately frozen rabbit secondary antibody (Sigma) at a dilution of 1/8000,
in liquid nitrogen and stored at 0807 for further pro- by the method described by Harlow and Lane (1988).
cessing. Protein was extracted by the method of von Labelled bands were detected with BCIP/NPT (Sigma
Fast tablets).Arnim et al. (1993).
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FIG. 3. Western blot analysis, using a PV1-specific antiserum, of the
cell wall fractions of protein samples from MSV-infected maize plants
extracted at 6, 7, 8, 10, 12, 17, 22, 25, and 30 days postagroinoculation.FIG. 2. SDS–PAGE analysis of proteins isolated from uninduced (U)
The sizes (kDa) of the molecular weight markers are shown to the left.or IPTG-induced (I) E. coli BL21(DE3) containing pET3a V1. The sizes
The arrow marks the position of PV1.(kDa) of the molecular weight markers (M) are shown to the right. The
arrowhead indicates the position of the V1 fusion protein.
crude bacterial protein extracts showed that the level of
fusion protein was greatest between 4 and 6 hr postin-Immunogold electron microscopy
duction with IPTG (data not shown). The predicted sizePreparation of maize leaf tissue. Sections of tissue
of the fusion protein was 17.6 kDa, which accords wellabout 1.5 by 4 mm were cut and fixed (2% gluteraldehyde,
with the observed size of ca. 18.4 kDa estimated from2% tannic acid in 0.1 M cacodylate, pH 7.3) for 4 hr at
SDS–PAGE of the induced bacterial extract (Fig. 2). Theroom temperature and washed with 0.1 M cacodylate
resultant polyclonal antiserum was capable of recognis-(pH 7.3 at room temperature). The tissue was dehydrated
ing nonfusion PV1 as a ca. 14-kDa band in the cell wallin an alcohol series and embedded in LR White resin at
fraction of protein extracts from infected plants (Figs. 30207. Sections were embedded in BEEM hemihyperbola
and 4). This band was never seen following Westerncapsules and polymerised using a UV lamp for 24 hr at
blot analysis of uninfected control tissue, although faint0207 and then 12 hr at room temperature. Embedded
nonspecific labelling of higher molecular weight planttissue was sectioned using a diamond knife and the
proteins was observed in both control and infected tissuesections were mounted onto gold 150 hexagonal mesh
(Fig. 4).formvar-coated grids.
Leaf tissue samples taken from infected and controlSamples were taken from both inoculated and uninoc-
maize seedlings at time intervals from Day 1 to Day 30ulated leaf tissue from Day 1 to Day 25 after agroinocula-
postagroinoculation were subjected to analysis. Chlo-tion. Separate samples, from the same leaf, were taken
rotic lesions were first visible on this tissue at Day 10,from within virus-specific chlorotic lesions (lesion tissue)
although even before this the infected seedlings wereand from green leaf tissue well away from viral lesions
noticeably smaller than the controls. Over the period of(nonlesion tissue) at Days 12, 15, and 19. Samples taken
the time course the symptoms on the youngest leavesfrom lesion tissue were always taken from lesions at the
centre of the youngest leaf.
Immunogold labelling. Grids were preblocked for 5 –
10 min in PBS / 1% BSA and incubated overnight at
47 in primary antibody diluted 1/150 in PBS / 1% BSA
(preabsorbed against healthy leaf tissue). The grids were
washed (4 1 30 dips) in PBS / 1% BSA and allowed to
dry. They were then incubated for 1 hr with the secondary
antibody [goat anti-rabbit IgG conjugated to 15-nm gold
beads (Biocell)], diluted 1/20 in PBS / 1% BSA, at room
temperature. This was followed by 4 1 30 dips in PBS,
a 5-min incubation in PBS / 1% gluteraldehyde, and a
further wash in distilled water (4 1 30 dips). The grids
were stained using uranyl acetate and lead citrate and
FIG. 4. Western blot analysis, using a PV1-specific antiserum, ofexamined at 80 kV using a JEOL 100C electron micro-
soluble (S) and cell wall (C) fractions of protein samples from healthyscope.
control (H) and MSV-infected maize plants extracted at 15 days posta-
groinoculation. Samples from MSV-infected tissue were taken eitherRESULTS
from tissue showing symptoms (SY) or asymptomatic tissue (ASY). The
The production of MSV PV1 as a fusion protein using sizes (kDa) of the molecular weight markers are shown to the left. The
arrow marks the position of PV1.expression vector pET3a was successful and analysis of
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developed from isolated chlorotic lesions at the leaf infected plants by Western blot analysis and immunogold
base, through lesions linked by chlorotic streaking, to labelling. Although the antiserum cross-reacted with
almost total chlorosis of the lower one-third of the leaf. some host antigens it was possible to identify the viral
Detection of PV1 by Western blot analysis coincided with gene product by its size and specificity to viral infection.
the production of visible lesions, with specific labelling Preabsorption of the antiserum used in the immunogold
associated with the 14-kDa band being detectable in the labelling experiments substantially reduced background
cell wall fractions in leaf tissue taken from Day 10 onward labelling, enabling PV1-specific labelling to be clearly
(Fig. 3). Analysis of the soluble fraction at each time point identified.
failed to identify PV1, suggesting either that PV1 was not The size of PV1 of 14 kDa as estimated from the West-
present in this fraction or that it was present at levels ern blot analysis is larger than the 10.9 kDa predicted
too low to detect. from the known amino acid sequence of this protein
Symptomatic and asymptomatic tissues at 15 days (Mullineaux et al., 1988). This could reflect posttransla-
postagroinfection were compared by Western blot analy- tional modification to the protein although this remains
sis. Examination of the two fractions showed that PV1 to be determined experimentally. Immunoprecipitation of
was present only in the cell wall fraction of the symptom- PV1 from a wheat germ extract programmed with total
atic tissue (Fig. 4). RNA from MSV-infected plants yielded a polypeptide of
The samples used in the time course analysis had about 12 kDa (Mullineaux et al., 1988), suggesting that
been standardised for total protein content, allowing esti- the discrepancy in size is probably due to posttransla-
mation of the relative amount of PV1 at each time point tional modification. A series of other viral movement pro-
to be attempted. Although there are many limitations in teins also appear larger than their predicted size when
such an estimation (see later), the Western blot analysis analysed by SDS–PAGE. These include CPMV (Wellink
indicates that the level of PV1 increases rapidly with the et al., 1986), RCMV (Shanks et al., 1989), and the bipartite
onset of visible lesions and remains at approximately geminivirus African cassava mosaic virus (von Arnim et
this level for the duration of the experiment (Fig. 3). al., 1993).
Immunogold electron microscopy Both Western blot analysis and immunogold labelling
showed that PV1 was localised to the wall of infectedNo PV1-specific gold labelling was observed in any
cells. Western blot analysis also indicated a sudden riseinfected tissue taken before Day 12 or in any of the
in the level of PV1 in infected tissue which coincideduninfected control tissue studied. In the lesion tissue
with the onset of visible lesions. These data, taken insamples from Day 12 a small amount of labelling was
seen adjacent to and within the cell wall in a region association with the observation that an intact V1 coding
perforated by plasmodesmata. Although the labelling did sequence is necessary for viral systemic spread (Boulton
not generally appear to be directly associated with any et al., 1989b, 1991a, 1993; Lazarowitz et al., 1989), would
distinguishable cellular structure, it was occasionally appear to be supportive of the hypothesis that PV1 facili-
seen associated with plasmodesmata-like structures tates the spread of the virus from cell to cell by directing
(Fig. 5a). This labelling was only apparent in lesion tis- modification of the function or structure of plasmodes-
sue, with nonlesion tissue from Day 12 showing no spe- mata. If PV1 is accumulating to detectable levels only in
cific labelling (Fig. 5b). From Day 15 to Day 19, the gold lesion tissue, as our results suggest, then it is likely that
labelling of lesion tissue became more obvious and fre- maximal expression of V1 occurs at the expanding lesion
quent (Figs. 6a, 6c, and 6d). Labelling was observed front. As a lesion becomes larger the ratio of its circum-
within the wall of cells infected with MSV (as demon- ference to its area will reduce, leading to a reduction in
strated by the presence of semicrystalline aggregates of the relative amount of PV1. Therefore the amount of PV1
virus particles in the nucleus) and also is clearly associ- in a leaf is likely to be related to the number of viral
ated with plasmodesmata-like membranous structures lesions and also the age/size of the lesions. However,
(Figs. 5a, 6c, and 6d). These plasmodesmata often have any one leaf will not represent a single developmental
the highly branched structure characteristic of secondary stage in the viral infection and interpretation of the time
plasmodesmata (Ding et al., 1992). Labelling was only course data is complicated by the asynchronous nature
rarely associated with primary plasmodesmata (plasmo- of the infection process.
desmata having a discrete linear structure typical of It is interesting to note that PV1 can be found in cells
those formed during cell division). Specific labelling was in which large inclusion bodies similar to those seen by
not observed on sections from Day 25 lesion tissue (Fig.
Pinner et al. (1993) are seen in the nuclei. It was also
6b) or on any nonlesion or healthy control tissue exam-
observed that PV1 could be detected in cells which had
ined (Figs. 5b–5d).
no adjacent cells containing inclusion bodies. Whilst this
DISCUSSION might suggest that PV1 could pass through cells without
viral replication, it is more likely that the cells were in-Using a polyclonal antiserum raised against a fusion
protein we have detected the MSV V1 gene product in fected but that any viral inclusions were outside the plane
AID VY 7935 / 6a17$$$182 05-01-96 20:47:50 vira AP: Virology
FIG. 5. Electron micrographs of resin-embedded maize leaf sections following immunogold labelling using a PV1-specific antiserum. Lesion tissue
at 12 days p.i. (a), nonlesion tissue at 12 days p.i. (b), and healthy tissue at 10 (c) and 12 (d) days. Original magnification, 52,0001.
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FIG. 6. Electron micrographs of resin-embedded maize leaf sections following immunogold labelling using a PV1-specific antiserum. Lesion tissue
at 19 (a), 25 (b), 15 (c), and 17 days (d) postagroinoculation. Original magnification, 52,0001.
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Boulton, M. I., Pallaghy, C. K., Chatani, M., Macfarlane, S., and Davies,of the section or had not yet developed to a detectable
J. W. (1993). Replication of maize streak virus mutants in maize proto-size.
plasts—Evidence for a movement protein. Virology 192, 85–93.
The effect of PV1 on plasmodesmata is, as yet, unclear. Boulton, M. I., Steinkellner, H., Donson, J., Markham, P. G., King, D. I.,
PV1 clearly associates with secondary plasmodesmata and Davies, J. W. (1989b). Mutational analysis of the virion-sense
genes of maize streak virus. J. Gen. Virol. 70, 2309–2323.but we can only speculate on whether it associates more
Citovsky, V. (1993). Probing plasmodesmal transport with plant-viruses.strongly with secondary plasmodesmata, or whether it
Plant Physiol. 102, 1071–1076.actually induces the formation of secondary plasmodes-
Citovsky, V., and Zambryski, P. (1991). How do plant-virus nucleic-acids
mata from primary plasmodesmata. The mechanism of move through intercellular connections. BioEssays 13, 373–379.
action of PV1 is unknown but computer analysis of the Citovsky, V., and Zambryski, P. (1993). Transport of nucleic-acids
through membrane channels—Snaking through small holes. Annu.PV1 amino acid sequence has indicated the existence
Rev. Microbiol. 47, 167–197.of a strongly hydrophobic core which could represent a
Citovsky, V., Knorr, D., Schuster, G., and Zambryski, P. (1990). The P30potential membrane-embedded domain (Boulton et al.,
movement protein of tobacco mosaic virus is a single–strand nucleic
1993). Proteins which could interact with the plasma- acid binding protein. Cell 60, 637–647.
membrane or the desmotubule could potentially regulate Deom, C. M., Lapidot, M., and Beachy, R. N. (1992). Plant-virus move-
ment proteins. Cell 69, 221–224.the SEL of the plasmodesmata.
Deom, C. M., Schubert, K. R., Wolf, S., Holt, C. A., Lucas, W. J., andFor the bipartite geminiviruses two genes are required
Beachy, R. N. (1990). Molecular characterization and biological func-for systemic spread. Recent work on BDMV has shown
tion of the movement protein of tobacco mosaic virus in transgenic
that the BL1 protein is capable of moving from cell to plants. Proc. Natl. Acad. Sci. USA 87, 3284–3288.
cell and increases the SEL of mesophyll plasmodesmata. Ding, B., Haudenshield, J. S., Hull, R. J., Wolf, S., Beachy, R. N., and
Lucas, W. J. (1992). Secondary plasmodesmata are specific sites ofIt also effects the movement of ds DNA from cell to cell
localization of the tobacco mosaic virus movement protein inwhilst the BR1 protein is capable of inducing the move-
transgenic tobacco plants. Plant Cell 4, 915–928.ment of double-stranded and single-stranded DNA out
Ding, B. A., Li, Q. B., Nguyen, L., Palukaitis, P., and Lucas, W. J. (1995).
of the nucleus (Noueiry et al., 1994). The fact that the Cucumber mosaic virus 3a protein potentiates cell-to-cell trafficking
coat protein of the bipartite geminiviruses is not needed of CMV RNA in tobacco plants. Virology 207, 345–353.
Fujiwara, T., Giesmancookmeyer, D., Ding, B., Lommel, S. A., and Lucas,for systemic spread indicates that the unencapsidated
W. J. (1993). Cell-to-cell trafficking of macromolecules through plas-viral DNA is capable of cell-to-cell and long-distance
modesmata potentiated by the red-clover necrotic mosaic virustransport, most likely as a nucleoprotein complex. MSV
movement protein. Plant Cell 5, 1783–1794.
requires both the coat protein and PV1 for systemic Harlow, E., and Lane, D. (1988). ‘‘Antibodies—A Laboratory Manual’’
spread (Boulton et al., 1989b, 1991a, 1993; Lazarowitz et Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY.
Howell, S. H. (1984). Physical structure and genetic organization of theal., 1989). Whether PV1 alters the plasmodesmal SEL
genome of maize streak virus (Kenyan isolate). Nucleic Acids Res.and has nucleic acid binding properties requires further
12, 7359–7375.study, but whatever the mechanism it is likely that a
Howell, S. H. (1985). Physical structure and genetic organisation of the
complex interaction between plant and viral elements genome of maize streak virus (Kenyan isolate). Nucleic Acids Res.
leads to the potentiation of viral spread and investigating 13, 3018–3019.
Kasteel, D., Wellink, J., Verver, J., van Lent, J., Goldbach, R., and Vankam-this interaction would significantly advance our under-
men, A. (1993). The involvement of cowpea mosaic virus-M RNA-standing of both host and pathogen.
encoded proteins in tubule formation. J. Gen. Virol. 74, 1721–1724.
Kormelink, R., Storms, M., van Lent, J., Peters, D., and Goldbach, R.
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